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V  ABSTRACT 

Poly(2,6-dimethyl-l,4-phenylene  oxide  (PPO)  containing  pendant  mesogenlc 
units  separated  from  the  polymer  main-chain  through  spacers  of  three  to  ten  methy¬ 
lene  units  were  synthesized  and  characterized.  The  synthetic  pathway  used  for  the 
chemical  modification  of  PPO  involved  the  radical  bromlnatlon  of  its  methyl  groups 
followed  by  phase  transfer  catalyzed  esterification  of  the  resulting  bromobenzyl 
groups  with  potassium  u  -(4-oxybiphenyl)alkanoates  and  potassium 

Ai>-(4-methoxy-4'-oxybiphenyl)-alkanoates.  Only  the  resulting  polymers  containing 
ten  methylene  units  as  spacer  and  4,4 1 -me thoxy biphenyl  as  mesogen  present 
thermotropic  liquid  crystalline  mesomorphlsm.  /f  u i/j  e  \  ^  ^  •  y  S ■ ) 
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Po1y(2,6-d1methyl-1,4-phenylene  oxide)  (PPO)  containing  pendant 
mesogenic  units  separated  from  the  polymer  main-chain  through  spacers  of 
three  to  ten  methylene  units  were  synthesized  and  characterized.  The 
synthetic  pathway  used  for  the  chemical  modification  of  PPO  Involved  the 
radical  bromlnatlon  of  Its  methyl  groups  followed  by  phase  transfer 
catalyzed  esterification  of  the  resulting  bromobenzyl  groups  with  potassium 
a)-(4-oxyb1phenyl)alkanoates  and  potassium  t>-(4-methoxy-4,-oxyb1phenyl)- 
alkanoates.  Only  the  resulting  polymers  containing  ten  methylene  units  as 
spacer  and  4f4'-methoxyb1phenyl  as  mesogen  present  thermotropic  liquid 
crystalline  mesomorphlsm. 


INTRODUCTION 


Flnkelmann  and  Rlngsdorf  proposed  the  spacer  concept  In  1978  as  a 
systematic  method  for  obtaining  side-chain  liquid  crystalline  polymers, 
with  the  Idea  that  a  spacer  must  be  Introduced  to  partially  decouple  the 
mobility  of  the  main  chain  from  that  of  the  mesogenic  groups  (1-4).  If 
this  Is  so,  then  It  should  be  possible  to  obtain  side-chain  liquid 
crystalline  behavior  from  even  very  rigid  polymer  backbones.  The  goal  of 
this  paper  Is  to  determine  the  length  of  the  spacer  that  Is  required  to 
obtain  side-chain  liquid  crystalline  polymers  from  the  rigid  polymer 
poly(2,6-d1methyl-1,4-phenylene  oxide)  (PPO)  by  Introducing  mesogenic  units 
to  the  PPO  backbone  through  spacers  of  from  three  to  ten  methylene  groups 
via  polymer  analogous  reactions. 

The  synthetic  procedure  used  for  the  chemical  modification  of  PPO 
Involved  in  the  first  step  the  radical  bromlnatlon  of  PPO  methyl  groups  to 
provide  a  polymer  containing  bromobenzyl  groups.  The  bromobenzyl  groups 
were  then  esterlfled  under  phase-transfer-catalyzed  (PTC)  reaction 
conditions  with  potassium  4-(4-oxyb1 phenyl) butyrate,  potassium 
4-(4-methoxy-4‘-oxyb1phenyl)butyrate,  potassium  5-(4-oxyb1phenyl)valerate, 
potassium  5-(4-methoxy-4'-oxyb1phenyl)valerate,  potassium  11-(4-oxy- 
bl phenyl )undecanoate,  and  potassium  11-(4-methoxy-4'-oxyb1phenyl)- 
undecanoate.  The  esterification  of  PPO  Is  presented  In  Scheme  1. 


Scheme  1. 

Esterification  of  PPO. 


»•  •  OCK 


EXPERIHENTAL 


A.  Methods  and  Materials 


Commercially  available  PPO  (Aldrich,  Wn-19,000,  Ww-49,000)  was 
purified  by  precipitation  with  methanol  from  chloroform  solution,  and 
bromlnated  as  described  previously  (5).  Sodium  hydroxide,  potassium 
hydroxide,  tetrabutyl ammonium  hydrogen  sulfate  (TBAH)  and  all  solvents  were 
reagent  grade  and  were  used  as  received.  Ethyl  4-bromobutyrate  (Aldrich, 
952),  ethyl  5-bromovalerate  (Aldrich,  992),  5-bromovaleronltrlle  (Aldrich, 
952),  and  11-bromoundecanolc  acid  (Aldrich,  992)  were  used  without  further 
purification.  4-Phenyl phenol  (Aldrich)  was  recrystal 11  zed  from  a 
toluene/ethanol  solution,  and  4,4'-d1hydroxyb1pheny1  (Polysciences)  was 
recrystal llzed  from  methanol.  4-Wet hoxy-4'-hydroxyb1 phenyl  was  synthesized 
as  described  previously  (6). 

200  MHz  H-NMR  spectra  were  recorded  on  a  Varlan  XL-200  spectrometer 
and  60  MHz  H-NMR  spectra  were  recorded  on  a  Varlan  EM  360A  spectrometer, 
both  In  CDCl,  solutions  with  TMS  as  Internal  standard.  Calculation  of  the 
percent  substitution  of  PPO  has  been  described  previously  (5).  A  Perkin 
Elmer  1320  Infrared  Spectrophotometer  was  used  to  record  IR  spectra  from 
KBr  pellets.  Thermal  analysis  was  performed  with  a  Perkln-Elmer  DSC-4 
differential  scanning  calorimeter  equipped  with  a  Perkln-Elmer  TADS  thermal 
analysis  data  station.  Heating  and  cooling  rates  were  20°C/m1n,  and  Indium 
was  used  as  the  calibration  standard.  All  samples  were  heated  to  just 
above  Tg  and  quenched  before  the  first  heating  scan  was  recorded.  A  Carl 
Zeiss  optical  polarizing  microscope  equipped  with  a  Mettler  FP82  hot  stage 
and  FP80  central  processor  was  used  to  analyze  the  anisotropic  textures. 
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B.  Synthesis  of  Ethyl  4-(4-oxyb1 phenyl )butyrate,  Ethyl  4-(4-methoxy-4'-ox 


biphenyl) butyrate.  Ethyl  5 


4-oxybl phenyl Ivalerate,  n-Propyl  1 1-(4-oxyb1 phenyl Tundecanoate,  and  n-Propyl 


4-methoxy-4  -oxybl phenyl lundecanoate 


The  sodium  salts  of  4-phenyl  phenol  and  4-methoxy-4  -hydroxybl phenyl 
were  first  prepared  by  stoichiometric  reaction  of  sodium  hydroxide  with  a 
methanol  solution  of  the  corresponding  phenol,  followed  by  solvent 
evaporation  and  drying.  These  sodium  salts  were  used  without  further 
purification,  as  In  the  following  example.  Ethyl  4- (4-oxybl phenyl) butyrate 
was  prepared  by  the  addition  of  ethyl  4-bromobutyrate  (9.8  ml,  0.068  mol) 
to  a  solution  of  sodium  4-phenyl-4-phenox1de  (9.8g,  0.05  mol)  and  TBAH 
(1.7g,  5.0  mmol)  1nod1methylformam1de  (DMF)  (200  ml).  The  reaction  mixture 
was  stirred  at  82 °C  for  3.5  h,  and  then  precipitated  In  water.  The 
precipitate  was  filtered,  dried,  and  recrystal 11  zed  three  times  from 
methanol,  .yielding  8.3  g  (58!?)  white  crystals:  m.p.  51-52  C.  IR:  1735  cm” 
(u  ).  H-NMR  (60  MHz*  CDCl,t  6  *  PPm):  1*3  (t,  -CH,),  1. 9-2.7  (m, 
-CnlCHpOO0),  3. 8-4. 4  (m,  -CHpO-,  -CHgOOC),  7.0  (d,  2  aromatic  protons),  7.5 
(m,  7  aromatic  protons).  ”* 

-  Ethyl  4-C4-methoxy-4' -oxybl phenyl )butyrate:  m.p.  94-97°C.  IR:  1730 
cm"1  (ur  A).  'H-NMR  (60  MHz,  CDCU,  6  ,  ppm):  1.3  (t,  -CH-),  1. 8-2.8  (m, 
-CHgCHJSdty,  3.9  (s,  -0CH-),  3.94.4  (m,  -CHgOOC,  -DLfc),  7.0  (d,  4 
aromatic  protons),  7.5  (m,  ~4r  aromatic  protons).  0  , 

.  Ethyl  5-( 4-oxybl phenyl )valerate:  m.p.  73-75  C.  IR:  1735  cm”  (ur_n)* 
‘H-NMR  (200  MHz,  CDC1-,  .  ppm):  1.3  (t,  -CH,)t  1.8  (m,  -DUX,-),  2.*Tt. 
-DU00),  4.0  (t,  -CH10-),  4.1  (q,  -OUJOCF,  6.9  (d,  2  arohattc  protons), 
7.4^(m,  7  aromatic  protons).  0  . 

Ethyl  5-(4-methoxy-4,-oxyb1phenyl)valerate:  m.p.  93-95  C.  'H-NMR  (200 
MHz,  CDC1,,  6  ,  ppm):  1.2  (t,  -CH,),  1.8  (m,  -CH,CH2-)t  2.4  (t,  -DU00), 
3.85  (s,  ^-OCH,),  4.0  (t,  -CH2O^T,  4.1  (q,  -(XOOO.  6.9  (q,  4  arbmatlc 
protons),  7.5  Tm,  4  aromatic  protons).  0  , 

n-Propyl  11-(4-oxyb1 phenyl )undecanoate:  m.p.  73-75  C.  H-NMR  (200  MHz, 
CDC13,  6  ,  ppm):  0.9  (t,  -CH,),  1. 2-2.4  (m,  -(DUqCOO,  -QUO,  3.96  (t, 
-DLO-),  4.02  (t,  -DL00C),  6.^  (d,  2  aromatic  protons),  7.5  (in,  7  aromatic 
protons).  0 

.  n-Propyl  ll-(4-methoxy-4'-oxyb1phenyl)undecanoate:  m.p.  108-110  C. 
'H-NMR  (200  MHz,  CDC1,,  «  ,  ppm):  0.9  (t,  -CH,),  1. 2-2.4  (m.  -(CH2)QC00, 
-CH2-),  3.8  (s,  -OChJ,  3.97  (t,  -CH20-),  4.*  (t,  -CH200C).  6.9^  fq,  2 
aromatic  protons),  7.^  (m,  4  aromatic  protons). 


C.  Synthesis  of  4-(4-oxyb1phenyl Ibutyrlc  acid.  4-( 4-methoxy-4 ' -oxy- 


1phenyl)butyr1c  acid.  5-(4-oxyb1 phenyl ) valeric  acid,  5-(4-methoxy-4  -ox 


blohenyllvalerlc  acid,  ll-(4-oxyb1ohenyl)undecano1c  acid  and 


4-methoxy-4  -oxybl phenyl )undecano1 c  acid 


The  acids  were  best  prepared  by  refluxing  the  corresponding  esters 
overnight  with  excess  potassium  hydroxide  (8  fold  excess)  In  aqueous 
ethanol.  The  acids  were  Isolated  by  first  acidifying,  (because  the 
carboxylates  themselves  displayed  limited  solubility  In  water  and  In  cold 


aqueous  ethanol),  and  then  precipitating  In  water.  Following  filtration 
and  drying,  the  acids  were  recrystallized  from  methanol,  or  from  toluene  to 
avoid  esterification. 

5-(4-Methoxy-4'-oxyb1 phenyl )valer1c  acid  was  also  prepared  from 
S-bromovaleronitrlle  (1.75  ml,  0.015  mol)  by  reaction  with  the  sodium  salt 
of  4-methoxy-4'-hydroxyb1 phenyl  (2.9g,  0.014  mol)  and  TBAH  (0.52g,  1.5 
mmol)  In  DMF  (75  ml)  at  8!fC.  After  4  h,  the  solvent  was  removed,  and 
potassium  hydroxide  (7g,  0.12  mol)  In  aqueous  ethanol  (250  ml,  1:1)  was 
added.  The  reaction  mixture  was  refluxed  overnight  to  hydrolyze  the  cyano 
group  to  a  carboxylic  acid,  and  then  worked  up  as  described  In  the  previous 
paragraph. 

4-(4-0xyb1 phenyl )bu±yr1c  acid:  m.p.  137—1 39^ C.  IR:  3300-2500  (unH), 

1700  (uf  «).  and  900  cm‘r(u0H).  Q  un 

4- \^Methoxy-4'-oxyb1pnenyl)butyr1c  .  acid:  m.p.  178-179  C.  IR: 
3300-2700  (Umi).  1700  (uP  .),  and  900  cnT'  (v0H).  n 

5- (4-0xy©1  phenyl ) valeric  acid:  m.p.  14T-142°C.  IR:  3360-2400  (v>nH), 

1695  (uf  «).  and  900  cm"r  (u^). 

S-vJ^ethoxy-A'-oxyblpnenyOvalerlc  «  acid:  m.p.  178.5-179  C.  IR: 
3400-2300  (unu).  1690  (ur  «),  and  900  cm”1  (unH). 

11-(4^dxyb1phenyl)unaecano1c  acid.  IR:  u3300-2400  (v>q^),  T680 
and  900  cm-1  (unH).  0 

11-(4-Metnoxy-4'-oxyb1phenyl)undecano1c  acid:  m.p.  150-152  C.  IR: 
3300-2400  (uQH),  1720  and  910  cm"'  (u0H). 


Synthesis  of  Potassium  4-(4-oxyb1 phenyl )butyrate.  Potassium 


4-oxyblphenyl ) valerate 


otasslum 


undecanoate  and  Potassium  11-(4-methoxy-4  -oxyblphenyl 


ecanoate 


CTTO  IMlT-i  il'i 


The  potassium  salts  were  all  prepared  by  approximately  stoichiometric 
reaction  of  potassium  hydroxide  with  a  methanol  solution  of  the 
corresponding  carboxylic  acid,  followed  by  solvent  evaporation  and  drying. 
The  salts  were  used  without  further  purification. 


E,  Esterification  of  Bromlnated  PPO  with  Potassium  4-(4-oxyb1phenvl 
butyrate  (fotSCQO-PfrO).  Potassium  4-(4-fflethoxy-4,-oxyb1phenyiybutyrate 
(He3C00-PpQ).  Potassium  5-(4~oxyb1 phenyl) valerate  (Ph4C00-PP0).  Postasslum 
5-(4-methoxy-4' -oxyblphenyl Ivalerate  CMe4C0O-P^O).  Potassium 
n-(4-oxyb1phenyl)undecanoate  (PhlOCOO-PPO)  and  Potassium 
11-(4-methoxy-41-oxyb1phenyl ) undecanoate  (Mel0fc66-PP()), 


The  general  procedure  used  for  the  esterification  of  PPO  Is  presented 
In  the  following  example.  Bromlnated  PPO  (0.74  bromobenzyl  groups  per 
structural  unit)  (0.23g,  0.97  mmol  Br)  was  dissolved  In  toluene  (20  ml), 
and  TBAH  (0.07g,  0.21  mmol)  and  potassium  4-(4-oxyb1phenyl)butyrate  (0.51g, 
1.7  mmol)  were  added.  The  reaction  mixture  was  stirred  at  60  *  for  46h  and 
then  poured  Into  methanol.  The  obtained  polymer  was  purified  by 


precipitation  from  tetrahydrofuran  (THF)  solution  Into  methanol.  'H-NMR 
(200  MHz,  C0C13,  «  ,  ppm):  1. 8-2.5  (m,  -CH,,  -CH?CH?C00),  3.9  (-CH?0-),  5.0 
(s,  -CHpOOC),  J6.4-6.8  (m,  2  aromatic  l*TO  protons),  6.9  (d,  2  ^aromatic 
protonsf,  7. 2-7. 6  (m,  7  aromatic  protons). 

Me3C00-PP0.  'H-NMR  (200  MHz,  CDCl,,  d,  ppm):  1.7-2. 5  (m,  -CH,, 

-CH2CH2C00),  2.8  (s,  -OCH,),  3.96  (s,  -OLO-),  5.0  (s.  -CHJDOC),  6.3-6r8 
(m,  2 c  aromatic  PP0  protons),  6.9  (s,  c  aromatic  protons?,  7.4  (s,  4 
aromatic  protons).  - 

PH4COO-PPO.  'H-NMR  (200  MHz,  CDC1-,  «,  ppm):  1. 6-2.5  (m,  -CH,, 

-CHpC^C^COO),  3.9  (s,  -CHL0-),  6. 4-6. 8  fm,  2  aromatic  PP0  protons),  6;9 
(d,  2  arofflatlc  protons),  7.?=7.6  (m,  7  aromatic  protons). 

Me4COO-PPO.  'H-NMR  (200  MHz,  CDC1„  6,  ppm):  1. 5-2.5  (m.  -CH„ 

-CH^CHpOH^00),  3.8  (s.  -0CH,),  3.94  (s.  -CH?0-),  5.0  (s,  -CHpOOC),  6.4-6r8 
(m,  aromatic  PP0  proton^,  6.9  (s,  2  aromatic  protons/,  7.5  (s,  4 
aromatic  protons).  - 

PhlOCOO-PPO.  'H-NMR  (200  MHz.  CDC1,,  6,  ppm):  1.0-2. 5  (m,  -CH„ 
-(CHo)9C00),  3.9  (t,  -CH20-),  4.3  (s,  -CHiBr),  5.0  (s,  -CH-OOC),  6.3-6?8 
(m,  7  aromatic  PP0  protoTis),  6.9  (d,  2  aromatic  protons),  /. 2-7.6  (m,  7 
aromatic  protons).  - 

MelOCOO-PPO.  'H-NMR  (200  MHz,  CDC1,,  6  ,ppm):  1. 1-2.3  (m,  -CH,, 
-(CH2)qC00),  3.8  (s,  -0CH-),  3.9  (t,  -CH-0-),  4.3  (s.  -CH?Br),  5.0  t*, 
-CH260c),  6. 4-6. 8  (m,  2  ardmatlc  PP0  protons),  6.9  (d,  2  aromatic  protons), 
7.4f(d,  4  aromatic  protons). 

Table  I  summarizes  the  experimental  conditions  and  the  results  of 
substitution  of  PP0  for  all  reactions  performed. 


Tabic  I.  Reaction  Conditions  and  Results  of  Synthesis  of  PPO 
Containing  ll phenyl  Groups. 


# 

Hole  Fraction 

Nucleophile  Structural  Units 
Containing  -CH^Br 

Holes 

TJucTi 

oer  Hole  -CR.Br 
tophi la  t8*N 

Reaction 
Tenp.  Tine 
C°C)  (hr) 

XCH-Br 

Substi¬ 

tuted 

1 

blPhO-(CH,),COOK 

0.52 

2.2 

0.22 

25 

45 

25 

2 

C  J 

0.74 

1.8 

0.24 

25 

45 

26 

3 

0.74 

1.8 

0.12 

60 

46 

100 

4  1 

MeO-blPhO-(CH,),COOK 

0.52 

2.0 

0.19 

25 

40 

15 

5 

C  o 

0.74 

2.0 

0.19 

25 

40 

12 

6 

0.74 

1.7 

0.39 

60 

61.5 

100 

7 

b1PhO-(CH,).COOK 

0.52 

2.0 

0.21 

25 

62 

87 

8 

Z  4 

0.74 

1.9 

0.07 

25 

62 

93 

9 

0.74 

1.9 

0.14 

60 

46 

100 

10  1 

NeO-b 1 PhO-( CH, ) .COOK 

0.52 

2.1 

0.14 

25 

62 

50 

11 

C  4 

0.74 

2.1 

0.10 

25 

62 

61 

12 

0.74 

2.0 

0.39 

60 

61.! 

i  100 

13 

blPhP-(CH,),nCOOIC 

0.52 

2.0 

0.12 

25 

96 

25 

14 

C  IU 

0.74 

1.9 

0.21 

25 

96 

24 

15 

HeO-bl!>hO-(CH,)1ftCOOK 

0.74 

0.9 

0.24 

60 

54.! 

i  71 

16 

0.74 

0.9 

0.24 

60 

139.! 

i  75 

Solvent  -  toluene 


RESULTS  AND  DISCUSSION 


Polymer  analogous  reactions  have  been  used  previously  to  synthesize 
liquid  crystalline  polymers.  For  example.  liquid  crystalline 
polyacrylates,  polymethacrylates,  and  polyacrylamides  have  been  prepared  by 
conventional  esterification  or  amldatlon  of  poly(acryloyl  chloride)  and 
poly(methacryloyl  chloride)  with  a  mesogenlc  alcohol  or  amine  In  the 
presence  of  trlethylamlne  (7-9).  Similarly,  liquid  crystalline 
polyacrylates,  polymethacrylates,  and  polyltaconates  have  been  prepared  by 
phase-transfer-catalyzed  reactions  on  the  sodium  salts  of  the  corresponding 
polycarboxyl ates  (10-12).  In  addition,  alternating  poly(methylv1nyl- 
ether-co-maleate)  copolymers  were  prepared  by  the  PTC  reactions  of 
poly(methylv1nylether-co-d1$od1um  maleate)  with  mesogens  containing 
bromoalkylesters  (13).  The  most  Important  use  of  this  class  of  reactions, 
however.  Is  In  the  preparation  of  liquid  crystalline  polyslloxanes,  which 
cannot  be  obtained  by  any  other  method.  It  Involves  the  platinum  catalyzed 
hydrosllatlon  reaction  of  vinyl  substituted  mesogenlc  molecules  with 
po1y(hydrogen  methyl  si loxane)  or  Its  copolymers.  The  synthesis  of  liquid 
crystalline  polyslloxanes  was  recently  reviewed  (3,14). 

We  believe  the  polymer  analogous  reactions  on  PPO  presented  here  are 
also  Important  since  It  would  be  very  difficult  to  obtain  liquid 
crystalline  PPO  by  any  other  method.  In  addition,  as  was  demonstrated  with 
PPO  substituted  slmlllarly  with  a  series  of  alkyl  side-chains,  the  glass 
transition  temperature  decreases  with  an  increase  In  the  side-chain  length 
(15).  Therefore,  It  Is  very  likely  that  we  may  obtain 

poly(p-phenylene  ethers)  with  low  glass  transition  temperatures,  even 
though  unsubstituted  gPO  Is  a  rigid  polymer  with  a  glass  transition 

temperature  (Tg)  of  220  C. 

It  was  previously  shown  that  the  only  available  procedure  for  the 
nucleophilic  substitution  of  bromlnated  PPO  was  by  solid-liquid 
phase-transfer  catalyzed  reactions  In  nonpolar  aprotlc  solvents  (5),  since 
PPO  Is  not  soluble  In  aprotlc  dipolar  solvents  which  are  required  for 
conventional  nucleophilic  substitutions.  In  this  case.  It  was  necessary  to 
use  elevated  temperatures  (60%)  to  obtain  good  halide  displacement. 

Table  II  summarizes  the  thermal  characterization  of  substituted  PPO, 
and  demonstrates  that  although  the  Tg  Is  easily  dropped  with  any  of  the 
substituents,  liquid  crystalline  behavior  Is  not  observed  until 
4-methoxy-4'-hydroxyb1 phenyl  Is  decoupled  from  the  PPO's  backbone  by  ten 
methylenlc  units.  Therefore,  liquid  crystalline  behavior  can  be  obtained 
from  very  rigid  polymers,  provided  a  long  enough  spacer  Is  employed.  A 
smectic  liquid  crystalline  mesophase  was  confirmed  by  polarized  optical 
microscopy  for  MelOCOO-PPO,  but  the  exact  smectic  phase  could  not  be 
determined  because  some  thermal  crosslinking  takes  place  during  extensive 
annealing.  This  could  be  the  result  of  the  presence  of  unreacted 
bromobenzyllc  groups.  In  contrast  to  MelOCOO-PPO,  PhlOCOO-PPO  Is  not 
liquid  crystalline.  Although  there  Is  comparatively  little  substitution  In 
this  case,  p-blphenyl  Itself  would  not  be  expected  to  act  as  a  mesogen  In 
such  a  rigid  polymer  due  to  Its  low  degree  of  anisotropy  and 
polarizability. 

In  conclusion,  the  experiments  described  In  this  paper  demonstrate 
that  thermotropic  side-chain  liquid  crystalline  polymers  can  be  prepared 
from  any  polymer  backbone,  Including  rigid  ones,  provided  that  a  long 
enough  spacer  Is  employed. 


Tafcla  II.  Itewl  Char  actarl zatl mi  af  WO  CortitMii  llphnyl  traps. 


• 

# 

Taaparatura  (°C) 

Hasting 

Tg  Endotharns  Tg 

Cooling 

Exothanss 

1 

0.13  Ph3COO-PPOb 

141.7 

2 

0.19  PH3C00-PP0 

130.0 

— 

3 

0.74  P63C00-PP0 

69.5 

— 

4 

0.08  Me3C00-PP0 

172.5 

- 

5 

0.09  M«3C0O-PP0 

155.2 

— 

6 

0.74  MCOO-PPD 

69.4 

— 

58.4 

— 

7 

0.43  Ph4COO-PPO 

80.8 

_ 

8 

0.69  Ph4C00-PP0 

67.0 

— 

9 

0.74  PMC0O-PP0 

59.6 

— 

10 

0.26  Ms4COO-PPO 

106.2 

_ 

11 

0.45  M*4COO-PPO 

89.2 

— 

85.6 

■ - 

12 

0.74  M*4C00-PP0 

62.5 

— 

53.1 

— 

13 

0.13  PhlOCOO-PPO 

105.5 

~ 

14 

0.18  PhlOCOO-PPO 

83.7 

— 

15 

0.53  MelOCOO-PPO 

54.2 

114.5 

39.2 

’  77.5 

16 

0.56  MalOCOO-PPO 

38.6 

72.4,  116.8,  129.0 

c 

40.4,  101.4 

*vfro«  Table  I;  b'  sole  fraction  of  Msogan  substituted  structural  units; 
c;bur1ad  In  peak 
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